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Fuel Injection Valve 



Background of the Invention 



[Field of the invention] 

The present invention relates to a fuel injection 
valve for an internal combustion engine and more 
particularly to the construction of the fuel injection 
valve for decreasing after-dripping of injection. 
[Description of the Prior Art] 

Fig. 8 is a sectional view showing the construction 
of a conventional fuel injection valve 50 disclosed, for 
example, in Japanese Laid-open Patent Application (Kokai) 
No. Hei 8-7469 where a sleeve 17 is provided between a core 
4 and a valve holder 11 and a fastening portion of the sleeve 
17 is designed to seal the fuel. This fuel injection valve 
50 electrifies a coil 6 of a solenoid 2 and as a result, 
an armature 8 is attracted by the magnetic force toward the 
core 4 to raise a needle valve 15 integrally connected to 
said armature 8, wherein the high-pressure fuel within the 
valve body 11 is injected from an end port (a nozzle opening) 
13B of an orifice 12 formed in a valve seat 13 to the inside 
of a fuel chamber of an internal combustion engine (not 
shown ) . 

However, since such a conventional fuel injection 
valve 50 is not provided with any elastic body such as rubber 
and plastics adapted to generate damping relative to the 
change of fuel pressure when the needle valve is closed, 
at a portion of the upstream side from an air gap between 
an armature 8 and a flat portion 15d of the needle valve 
15 and of the downstream side from a rod (a spring stopper) 
16p contacting the fuel, no remarkable pressure difference 
was found between the upstream and downstream sides of the 
needle valve 15. Accordingly, load for controlling the 
bouncing after valve-closing collision when the needle 
valve is closed does not affect the needle valve 15. 
Therefore, after-dripping of injection due to said bouncing 



generates and exerts a bad influence on the combustion 
quality of an engine. 

Namely, as shown in Fig. 9 (a), when the 
electrification to the coil 6 is shut off in a time t = t 
0, as shown in Fig. 9 (b), the needle valve 15 gradually 
starts to close the valve from a time t 1 later than said 
time to. However, as the needle valve, 15^-feeuttds after that, / 
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after-dripping of in jection^ge n e rate s in a time t = t 3 .J sy^ct 
Fig. 10 (a) to (c) schematically show an outline of the fuel 
spray shape from the fuel injection valve 50 in ^jfajd 1 e ach 
time t = t 1, t2, or t 3. As this after-dripping of injection 
is not fully granulated, it exerts a bad influence on the 
combustion quality of the engine (e.g. the deterioration 
of the exhaust gas). 

Fig. 11 is a view showing the variation with time of 
y the pressure (pressure waveform) in the vicinity of the 

needle valve 15 in^^s^id^operation . When the needle valve 
15 starts to close the valve from a time t = t 1 /^^^5^pressure 
H starts to gradually go up from the set fuel pressure (e.g. 

5Mpa) . When the needle valve 15 starts to bouM a"fter a time 
t = t 2, the pressure drops one time. If there is no elastic 
body in the vicinity of the needle valve 15, both the 
upstream and downstream sides of the needle valve 15 show 
the same pressure wavef orm. ^However , if there is provided 
s^ps^ I an Y elastic body on the upstream side of the v needle valve 
0 * 15 and it damps the change of fuel pressure, as shown in 

,>~Fig. 12 (a), the pressure waveform on the upstream side of 
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iv ^the needle valve 15 is shown^jEor_the pressure drop to be 




comparison between the pressure waveform on the upstream 
side as shown in Fig. 12 (a) and the pressure waveform on 
the downstream side as shown in Fig. 12 (b), the pressure 
^ on the upstream side of the needle valve 15 is higher than 
that on the downstream thereof at a time t = t 3 and a force 
in a valve-closing direction due to said pressure 
difference is applied on the needle valve 15. Thus, it is 
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possible to reduce thet^be^&d^of the needle valve 15. 

Also, as shown in Fig. 13, there is proposed another 

mechanism of fuel injection valve 51 in which an O-ring^^tsf 

is inserted, to seal the fuel, between a core 4 and a housing 

21 on a nozzle opening side from a coil bobbin 7 [Japanese 

Laid-open Utility Model Application (Kokai) No. Hei 6-4366]. 

However ,/^saJd* 0-ring^4-A is made of an elastic body, but 

its diameter is so small that there is hardly any portion 

to contact the fuel. It is therefore impossible for the 

O-ring to generate effective damping relative to the change 

of fuel pressure when the needle valve 15 is closed and no 

remarkable pressure difference was found between the 

upstream and downstream sides of the needle valve 15. 

^Accordingly, in ,said) f uel injection valve 51, as the load 

fox controlling the bouncing^ after the valve-closing 

^ A. j 

collision when the needle valve is closed.does not affect 

the needle valve 15y af^er-dr ipping of injection due to 

bouncing generates \nd exerts a bad influence on the 

combustion quality of an engine^J * 

Summary Qf the invention 

It is therefore an object of the present invention 
to provide a fuel injection valve which overcomes all of 
the above-noted drawbacks in the prior art and can generate 
effective damping relative to the change of fuel pressure 
when a needle valve is closed, thereby decreasing the 
generation of af ter-d^i^ping^f injection right after that. 

According ^-c^^^ofthe present invention, there 
is provided a f uel^ilvjection valve in which a buffer portion 
for damping the change of , fuel pressure when a needle valve 
is closed, is provided at a portion of an armature contacting 
the fuel on the upstream side from an end of a nozzle opening 

side. ^7^^<^^c^ 

According (^o©^3«t^3^of the present invention, there 
is provided a fuel injection valve in which said buffer 
portion is formed by inserting an elastic member between 
a sleeve disposed between a core and a valve holder of a 



solenoid/ and saidc^^^^ 

According t^^TaXm^ 3^ 6 f the present invention, there 
is provided a fuel injection valve in which said buffer 
portion is formed by inserting an elastic member between 
a sleeve disposed between a core and a valve body of a 
solenoid and extending to the outer periphery of said valve 
body, and said core. 

According to Gi^k^of the present invention, there 



is provided a fuel injection valve comprising a coil case 
provided between a core and a valve body and adapted to seal , 
at its inner and outer diameter sides thereof, the core and 
the valve body by O-rings; a sleeve provided on the inner 
diameter side of the coil case and forming an air gap between 
the same and the valve body, wherein said buffer portion 
is formed by each of s-aid O-ivLngs . 

According to o>f the present invention, there 

V /- - ^ ' 

is provided a fuer^rp'jection valve, in which the buffer 
portion is formed by enlarging the diameter of the O-ring 
which is inserted between the core and a housing on a nozzle 
opening side of a coil bobbin. 

The above and other objects, features and advantages 
of the present invention will become more apparent from the 
following description when taken in conjunction with the 
accompanying drawings . 

Brief Description of th e Accompanying Drawings 

Fig. 1 is a view showing the construction of a fuel 
injection valve according to the first embodiment of the 
present invention ; 

Fig. 2 is a view showing the construction of a fuel 
injection valve according to the second embodiment of the 
present invention ; 

Fig. 3 is a view showing the construction of a fuel 
ipjection valve according to the third embodiment of the 
present invention ; 

Fig. 4 is a view showing the construction of a fuel 
injection valve according to the fourth embodiment of the 



present invention; 

Fig. 5 is a view showing the construction of a fuel 
injection valve according to the fifth embodiment of the 
present invention ; 

Fig. 6 is a view showing the construction of a fuel 
injection valve according to the sixth embodiment of the 
present invention ; 

Fig. 7 (a) and (b) are a view comparing the spray 
condition of the fuel injection valves ; 

Fig. 8 is a view showing the construction of a 
conventional fuel injection valve; 

Fig. 9 (a) and (b) are a view explaining the bouncing 
of the conventional fuel injection valve; 

Fig. 10 (a), (b) and (c) are view showing an outline 
of the spray condition in the conventional fuel injection 
valve ; 

Fig. 11 is a view showing a pressure waveform in the 
vicinity of a needle valve; 



an elastic bady is disposed on the upstream sid^of the 
needle valve; and & 

Fig. 13 is a view showing another construction of the 
conventional fuel injection valve . 

Description of the Preferred Embodiments 
An embodiment of the present invention will be described 
with reference to the accompanying drawings. 
1 st Embodiment 

Fig. 1 is a view showing the construction of a fuel 
injection valve 1 according to the first embodiment of the 
present invention. In Fig. 1, reference numeral 2 denotes 
a solenoid, reference numeral 3 denotes a yoke, 4. a core, 
5 a coil assembly mounting a coil 6 on a bobbin 7, 8 an 
armature, and 9 a valve unit connected to a valve holder 
10 by means of welding and the like. 

This valve unit 9 is provided with a hollow 
cylindrical valve body 11 having two different outer 




a vie^ showing a pressure waveform when 



diameters/ a valve seat 13 having an orifice 12 formed at 
a center end within said valve body 1 1 , a swirler 14 disposed 
adjacently to the upper portion of s^pIcP valve seat 13 to 
give the swirling flow to the injection fuel, and a needle 
valve 15 having an upper end integrally connected to v said 
armature 8 and a lower end adapted to contact or leave s3rd 
valve seat 13 by said solenoid 2 , thereby opening and closing 
said orifice 12. Numerals 15p and 15q are an upper sliding 
portion and a lower sliding portion of (^ad^needle valve 
V 15, respectively, while numeral 16 is a spring adapted to 
^ >e a o rgiz a the needle valve 15 downwardly (in the closing 
Mir-ectlon) . Numeral 16p is a rod serving as a spring pressing 
member of ^a^^spring 16. 

In the solenoid 2, a metal sleeve 17 is arranged 
between the core 4 and the valve holder 10 and connected 
to the core 4 and the valve holder 10 , respectively, by means 
of welding and the like. With this fastening means, the 
fastening portion of the sleeve 17 serves to seal the inside 
fuel. Also, the sleeve 17 and the core 4 axially joins at 
a step portion 4A formed at a lower portion of the core 4. 
With this joint, the position of the core 4 is controlled 
in the axial direction. 

Further, the core 4 is provided with a groove 18a on 
the inner peripheral side of said sleeve 17 and a rubber 
ring 18 as an elastic member is disposed in the groove 18a 
to come into contact with said sleeve 17. 

An operation of this embodiment will now be described 
in the following. 

In such a condition as the coil 6 of the solenoid 2 
is not electrified, the needle valve 15 is energized 
downwardly by the spring 16 to keep a closing condition. 
Once said coil 6 is electrified, magnetic flux is generated 
within a magneti c c ircuit comprising the armature 8, the 
core 4 and the^yb1ce<3 and the armature 8 is attracted toward 
the core 4. Then, the needle valve 15 integrally connected 



to the armature 8 leaves the valve seat 13 to form an air 
gap between the needle valve 15 and the valve seat 13. As 
a result f the fuel of high pressure within the valve body 
11 flows into the orifice 12 of the valve seat 13 through 
said air gap and then is injected through the top port 
(nozzle opening) 13B into a combustion chamber of an 
internal combustion engine. 

In this first embodiment, the rubber ring 18 is 
disposed between the sleeve 17 and the core 4. A buffer 
portion in fuel pressure is formed by making use of the 
property as an elastic body of the rubber ring 18. The rubber 
ring 18 is thus used to serve as the so-called accumulator 
and as a result, it is possible to generate damping relative 
to the pressure change of fuel in the vicinity of the rubber 
ring 18.fNamely, when a seat portion 13A is slightly opened 
by the feauj£&%f the needle valve 15 right after the valve 
is closed, pressure drop is produc ed in the downstream 
portion 15B of the needle valve ,wni4e- the upstream 
portion 15A of the needle valve 15 , as described above, since 
pressure drop of fuel is generated through damping by the 
accumulator operation of the rubber ring 18, it is possible 
to generate the pressure difference between the upstream 
and downstream of needle valve 15 and also possible to 
effectively apply the load in the valve-closing direction 
to the needle vale 15 (see Fig. 12J^_|Theref ore, since 
^f ter-dripping of injection due to bouncing of the needle 
valve 15 right after injection can be controlled, it is 
possible to prevent the insuf f iciently(^ra ^la te<Huel from 



being supplied into the engine and stabilize^ the combustion 
quality of the engine. ^ ^l^A 



In the first embodiment described above, the rubber 
ring 18 is arranged between the sleeve 17 and the core 4 
to control the bouncing of the needle valve 15 right after 
injection. However, in the second embodiment, as shown in 
Fig. 2, a spacer 19 made of an elastic body is inserted behind 
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Embo d im e n t 
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said rubber ring 18 (opposite side of fuel). Adjustment is 
made to increase a time constant of delay relative to the 
fuel pressure and the rubber ring 18 is also arranged in 
jDOSitd-or^ With this arrangement, it is 

--possible to further increase the pressure difference 
between the upstream and downstream sides of the needle 
valve 15 and certainly control after-dripping of injection 
due to bouncing of the needle valve 15 right after injection. 

Also, in this second embodiment, as shown in Fig. 2, 
there is provided another type of a fuel injection valve 
in which said needle valve 15 is designed to have a reduced 
diameter at its upper sliding portion 15p. A passage of fuel 
passing the armature 8 is also changed to have a needle valve 
15 provided at the inside of the upper portion 15m with a 
communication opening 15C. Said rubber ring 18 and spacer 
19 are also provided in the fuel injection valve. It goes 
without saying that in the fuel injection valve according 
to the first embodiment (Fig.l), the spacer 19 can also be 
inserted behind the rubber ring 18 to increase the time 
constant of delay relative to the fuel pressure. 

Fig. 3 is a view showing the construction of a fuel 
injection valve 1 according to the third embodiment of the 
present invention. In this third embodiment, a stopper 20 
is newly added to the components used in Fig.l, on the upper 
portion of the valve body 11, for controlling the 
valve-opening position when the needle valve 15 is opened 
and for adjusting the air gap. Movement of the stopper 20 
is controlled at its upper end by a step portion 10A formed 
in the valve holder 1 0 . With this arrangement , it is possible 
to control the delay of transmission of bouncing of the 
needle valve 15 right after injection, adjust the maximum 
opening of the needle valve 15 and the size of the air gap 
G, and stabilize the combustion quality of the engine. 
4 th Embodiment 

In the first embodiment, the fuel is sealed by the 
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sleeve 17 disposed between the core 4 and the valve holder 
10/However, as shown in Fig. 4, there is prqyided a fuel 
injection valve 1 of a different type in which the sleeve 
17 is extended to the outer periphery of the valve holder 
10 and connected to both the outer peripheral portions of 
the core 4 and the valve holder 10 by* means of welding and 
the like. In this case, the rubber ring 18 is disposed inside 
said sleeve 17 (fuel side) of the valve holder 10. With this 
arrangement, it is possible to control after-dripping of 
in jection'due to bouncing of the needle valve 15 right after 
injection in the same manner as the first embodiment. 

In the above first to fourth embodiments, the rubber 
ring 18 is used as an elastic member, but a ring made of 
plastics and the like may also be used as such an elastic 
member . 
5 th Embodiment 

In the first to fourth embodiments described above, 
there is provided a fuel injection valve in which the sleeve 
17 is securely fastened between the core 4 and the valve 
holder 10 and this fastening portion of the sleeve 17 is 
designed to seal the fuel. However, in this fifth embodiment, 
as shown in Fig. 5, a fastening portion of the sleeve 17 does 
not have such a fuel sealing function as described above. 
In a fuel injection valve according to the fifth embodiment, 
a rubber ring 21 disposed between the core 4 and an inner 
diameter side of a coil bobbin 7, and another rubber ring 
23 disposed between the core 4 and a housing 22 are designed 
to seal the fuel. An air gap 17s is also provided between 
the sleeve 17 and the housing 22 for propagation of fuel 
pressure to the gap 17s. By making use of the property as 
an elastic body of the rubber rings 21 and 23, it is designed 
to generate a response delay of the fuel pressure relative 
to the fuel contacting said rubber rings 21 and 23 through 
said air gap 17s. With this arrangement, it is possible to 
increase the pressure difference between the upstream and 
downstream sides of the needle valve 15 and control 
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after-dripping of injection due to bouncing of the needle 
valve 15 right after injection (spray). 
6 th Embodiment 

Fig. 6 is a view showing the construction of a fuel 
injection valve 1 according to the sixth embodiment of the 
present invention. In this sixth embodiment , a fuel 
injection valve is provided in which aji O-ring 2 4 is inserted 
through the coil bobbin 7, on the a?gtii.tn,on opening side, 
between the core 4 and the housing 22 to seal the fuel. By 
enlarging the diameter of said O-ring 24 (e.g. from 1.9 
(f> to 2.6 0 and over), the portion of said O-ring 24 
contacting the fuel can also be enlarged, thereby 
generating the response delay of fuel pressure relative to 
the fuel contacting the O-ring 24. Thus, it is possible to 
control after-dripping of injection with a simple 
construction . 
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yt|ifffflteiy7 — a-s — shown in Fig . / ( a ) , in a tuel in je^Lij 
valve 1A using an O-ring 24A whose linear d iarj^^f^is 1 . 9 
</> , since the portion of said O-ring Z4^e<rfftact ing the fuel 
is small, it is not possible tp^g€t such a good result as 
to fully damp the pressi^^drop when the needle va lve 15 
ounds^i?n its clo^inr^condition . Accordingly, by theQ*purid 
when the val^v^is closed, the needle valve 15 is opened again 
soon>tter it is closed and as a result, the fuel is injected 
- the moggie openin g 13E r"IrT~a "af ter-dripp ^ : ng " ma rrm 
On the other hand, as for the fuel in jectiojv^valve 
1 of the present embodiment using the O-ring 24 wb6se linear 
diameter is 2.60, the portion of the 0-r^n<2 4 contacting 
the fuel is large. It is therefore p^s^ible to fully damp 
the pressure drop when the needjte^al^v^__15 bounds in its 
closing condition. Thus ,^th^^<^^^au^ed^ the pressure 
difference between th^ifstream and downstream sides of the 
needle valve 15^rf^it makes the ^Koun^ pf the needle valve 
15 smalle^rT As shown in Fig. 7 (b), after-dripping of 

M^^t-rm^f spray) rta n^noJi ^be £o_un<? . 



It is to be noted that the injection (spray) condition 
as shown in Figs. 7 (a) and (b) has been reproduced based 
on the photographs taken when the fuel of each fuel injection 
.valve ( 1A; 1 ) is injected. 
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* As described above, according to— *G-3ref35ft — 1 of the 

present invention, there is provided a fuel injection valve, 
in which a buffer portion for delaying the change of fuel 
pressure when a needle valve is closed is provided at a 
\ portion of an armature contacting the fuel on the upstream 
\ side from an end of a nozzle opening, pressure difference 
is then generated between the upstream and downstream sides 
of the needle valve under the operation of accumulator by 
this buffer portion, and the load in the valve-closing 
direction is effectively applied to the needle valve. With 
this arrangement, it is possible to control the bouncing 
after the needle valve is closed and reduce the after- 
dripping of injection. Accordingly, it is also possible to 
prevent the fuel that has not been finely granulated from 
being supplied to an engine and stabilize the combustion 
quality of the engine.^ ^j^^/^ 



According tfo -e-j^i^%-g>)o f the present invention, there 
is provided a fuel injection valve in which an elastic member 
is disposed between a sleeve disposed between a core and 
a valve holder of a solenoid and said core to delay the change 
of fuel pressure when the needle valve is closed, and the 
sleeve is fastened between the core and the valve holder 
to seal the fuel. With this arrangement, it is possible to 
reduce the after-dripping of injection by controlling the 
bouncing after the needle valve is closed and also to 
stabilize the combus tion q uality of the engine. 

According to-cl a.im 3 of/the present invention, there 
is provided a fuel injection valve in which an elastic member 
is provided between a sleeve disposed between a core and 
a valve body of a solenoid and extending to the outer 
periphery of said valve body and said core to delay the 



change of fuel pressure when the needle valve is closed. 
Thus, in such a fuel injection valve as to seal the fuel 
£>y said sleeve, it is possible to control the bouncing of 
the needle valve after its closure and reduce after- 
dripping of in j ect ^s r ^J,^P52_y ) • 

According to^fclariffi^of the present invention, there 
is provided a fuel rnjection valve, in which a coil case 
is disposed between a core and a valve body and adapted to 
seal, at the inner and outer diameter sides thereof, said 
core and valve body by O-rings; a sleeve is provided on the 
inner diameter side of the coil case and forms an air gap 
between said sleeve and said valve body; wherein a buffer 
portion is formed by each of said O-rings. Accordingly, in 
such a fuel injection valve as to seal the fuel by both said 
each O-ring and the sleeve, it is possible to delay the 
change of fuel pressure when the needle valve is closed 
because the fuel pressure is propagated to each O-ring- It 
is therefore possible to control the bouncing after the 
needle valve is closed and reduce after-dripping of 
injection ( spray 

According ^(oja±et^^-d^6f the present invention, there 
is provided a fuel injection valve, in which an O-ring is 
inserted, on a nozzle opening side of a coil bobbin, between 
a core and a housing, and said buffer portion is formed 
by enlarging the diameter of the O-ring so as to enlarge 
the portion of said O-ring contacting the fuel. With such 
simple construction, it is possible to generate the 
effective delay relative to the change of fuel pressure when 
the needle valve is closed and control the after-dripping 
of injection (spray). 



